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In an FM radio receiver, in addition to auto- 
matic tuning to a station to be received, a sound 
field and tone control are perfonned in real time 
by utilizing RDS (radio data system) data multip- 
lexed with a broadcast signal. An RDS signal 
detection section 14 detects RDS signal sup- 
plied from an FM detector 7 and the detected 
RDS signal is decoded by an RDS decoder 15 to 
reproduce the RDS data indicative of type of a 
broadcasting program content (for instance. 
PTY : program type ; M/S : music/speech). A 
ROM 21 of a microcomputer circuit 13 prelimi- 
nary stores control data prepared correspond- 
ingly with the RDS data to be decoded and a 
CPU 22 outputs the control data and controls 
equalizer circuits 9L and 9R and tone control 
circuits 10L and 10R in response to the decoded 
RDS data so that sound field and tone optimal 
to the broadcast program content is obtained as 
an audk) output of the receiver. 
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BACKGROUND OF THE INVENTION 

Field of the Invention: 

The present invention relates to a sound field and 
tone control device for an FM radio receiver and, par- 
ticularly, to a device which is suitable for use in an FM 
radio receiver in which a selection of broadcasting 
station and display of RDS (radio data systenr^) data 
are performed by using RDS data multiplexed with an 
FM signal to provide it with a function of automatically 
setting an optimum sound field and tone correspond- 
ingly to a code contained in the RDS data and indicat- 
ing a content thereof such as broadcasting programs, 
etc. 

Description of the Related Art 

In a recent FM radio broadcasting, Implementa- 
tion of the RDS system is making a progress, in which 
an FM stereo signal multiplexed with various digital 
data is transmitted. Such digital data Include an auto 
tuning data which enable the receiver to select auto- 
matically from stations broadcasting an identical pro- 
gram, a specific station which provides the best re- 
ception to the receiver, and traffic information identi- 
fication data, etc. Major specifications of such RDS 
system have been finalized In the European Broad- 
casting Union (EBU). 

Further, it has been known that such system is al- 
ready employed not only in Europe but also in the Uni- 
ted States, Hong Kong and the Union of South Africa, 
etc. 

The RDS system was developed as a broadcast- 
ing system for mainly car radio use. That Is. in a case 
where a car is travelling for a long distance trip while 
receiving an FM broadcasting, a receiver's tuning fre- 
quency set to a certain broadcasting station (first sta- 
tion) needs to be retuned manually to a new station 
(second station) which is broadcasting the same pro- 
gram as the car goes out of service area of the first 
statk>n and entering Into that of the second station. 
However, it is possible to avoid such inconveniences 
by making a car radio having a more sophisticated au- 
tomatic tuning function by receiving an automatic tun- 
ing code included in the RDS data broadcast through 
a network of FM stations covering areas through 
which the car travels. 

Having such automatic tuning function on receiv- 
ers IS particularly demanded by FM stations whose 
service area is relatively small. Further, since it is pos- 
sible to multiplex other information service with the 
main FM broadcasting for transmission, an FM sys- 
tem multiplexed with additional data is considered to 
be adopted more widely in the near future. 

In view of the purposes mentioned above, EBU 
adopted and defined the RDS system as to satisfy the 
following conditions: 



(1 ) With ease of tuning operation of a receiver be- 
ing a first objective, the function to tune to a best 
receptive station among receiving stations broad- 
casting an identical program, is realized. 
5 (2) To have a transmission capacity enough to 

transmit information related to other programs. 

(3) To have an extendabillty of system for a future 
expansion of application. 

(4) No disturbance from data channels to audk> 
10 channels. 

(5) Reliability against a multipath problem. 

(6) Compatibility with a traffic inforipation identi- 
fying system which is already in service in some 
areas. 

15 Designations, contents and functions of major 

RDS data systems compiled by EBU are exemplified 
as follows: 

* PI (Program Identification): Each broadcasting 
network has own unique code, country code 

20 and service area code, etc. Stations having 

identical PI code belong to the same network 
and broadcast the same p>rograms. 

* PS (Program servtee name) : Name of broad- 
casting station composed of 8 characters (AS- 

25 CM pseudo code). 

* PT/ (Program type): Code indicating a content of 
a broadcasting program (news/sports/musIc, 
etc.). 

* TP (Traffic-program identification) : Identify- 
30 ing code of traffic information agency. 

* AF (Ust of alternative frequency): A list of fre- 
quencies of adjacent broadcasting stations 
within the same network. 

* PIN (Program item number) : Program identif i- 
35 catkin code represented by the starting date 

and time of program. The code corresponds to 
program reservation and telephone message 
recording system etc. 

* RT (Radio text) : Text data of 64 or 32 letters, 
40 Main purpose is to character display on a home 

receiver. 

* ON (Information concerning other networks): 
Information (PI, PIN, TP, PTY. AF) related to up 
to 8 networks. 

45 * CT (Clock-time and date): Date and time 

codes. For- date, the dominical year data, and 
for time, a time offset data between the sta- 
tion's local time and the universal time, are 
transmitted. 

50 * EON (Enhanced other networks): To receive a 

strong station within the network other than the 
stations (in the AF list) broadcasting a same 
program. 

* M/S (Music/speech): A switch signal for identi- 
55 fying either music signal or speech signal. 

When an RDS data is transmitted from a broad- 
casting station, a DSB (double side band) modulation 
signal is produced through steps shown in Fig. 4 and 
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multiplexed with a main FIV1 broadcasting signal. That 
is, a transmission basic dock A [Fig. 4(A)] of 1.1875 
kHz is first encoded with RDS data B [Fig. 4(B)] to pro- 
duce a differentially encoded RDS data C [Fig. 4(C)], 
and a bi-phase PSK signal D [Fig. 4(D)] is obtained by 
bi-phase PSK (phase-shift keying) modulation of the 
encoded RDS data C using the clock A. Then, the bi- 
phase PSK signal D is high-pass filtered to obtain a 
signal E (Fig. 4(E)] and a suppressed carrier modulat- 
ed signal (DSB modulated signal) F [Fig. 4(F)] is ob- 
tained by double sideband modulation of a sub-carrier 
(57 kHz) with the signal E. Both sidebands of the DSB 
modulated signal F are multiplexed with the main FM 
broadcasting signal and transmitted. 

Accordingly, as shown in Fig. 5, the resultant 
RDS signal F [DSB modulated signal] is simply one of 
modulated signals included (multiplexed) in the FM 
broadcasting signal in the frequency spectrum there- 
of, and a degree of modulation of the main carrier of 
the FM broadcasting with the RDS signal is as low in 
standard as about 2.7% (± 2 kHz), thus it does not af- 
fect the broadcast main FM signal (a composite signal 
composed of a main channel signal, a sut>-channel 
signal and a pilot signal). 

The sub-carrier (57 kHz) of the RDS data is set 
in phase or quadrature at the third harmonic of the pi- 
lot signal (19 kHz). 

As mentioned previously, the main purpose of the 
RDS system is to give an automatic tuning function 
to the FM radk> receivers, and a function of displaying 
RDS data content (name of the broadcasting station 
and the program content, etc.) on the receivers is in- 
cidentally utilized, but any more positive utilization of 
the RDS data in the side of FM receivers has been at- 
tempted. 

On the other hand, there are many FM receivers 
which have graphic equalizer circuits and tone control 
circuits to provide a various sound fields and tones. 
In such FM receivers, it is quite common that such 
sound field and tone control are performed manually, 
and once they are adjusted, they are often forgotten 
and not readjusted. Therefore, under such situation, 
listening to FM broadcasting with sound field and tone 
optimum to the broadcast program is very rare. 

In a broadcasting of RDS system, such as PTY or 
M/S included in RDS data have a close relationship 
with sound field and tone of a reproduced sound and 
it is possible to perform a discrimination between pro- 
gram content, music and speech by utilizing such 
data to thereby reproduce the program with sound 
field and tone optimum to the broadcast content mak- 
ing the FM radio receptk^n more enjoyable. 

SUMMARY OF THE INVENTION 

Accordingly It is a general object of the present In- 
vention is to provide a sound field and tone control de- 
vice for use in an FM radio receiver, which can auto- 



matically and In real-time control sound field and tone 
of a reproduced sound optimal by utilizing an identi- 
fication signal which is multiplexed with an FM signal 
such as RDS and which is indicative of a content of 

5 broadcasting program and/or kind of sound. 

Another and specific object of the present inven- 
tion is to provide a sound field and tone control device 
for use in an FM radio receiver, which comprises sig- 
nal detection means for detecting identification sig- 

10 nals multiplexed with an FM signal, which are indica- 
tive of content of a broadcasting program and/or kind 
of sound, decoding means for decoding the identifi- 
cation signal detected by the signal detection means, 
memory means for storing sound and tone control 

15 data prepared correspondingly to decoded data of the 
respective identif icatkin signals multiplexed with the 
FM signal and control means for reading the sound 
field and tone control data stored in the memory 
means correspondingly to the decoded data therein, 

20 on the basis of the decoded data of the identification 
signals obtained from the decoding means, and con- 
trolling a variable sound field and tone circuit of the 
FM radio receiver by using the control data thus read 
out. 

25 By utilizing the kientification signal indicative of 

a content of a broadcasting program multiplexed with 
the FM signal and/or kind of sound, it becomes pos- 
sible to output a reproduced signal as an audio sound 
having optimal sound field and tone to the content of 

30 a broadcast audio signal and a kind thereof. 

The identification signal multiplexed with the FM 
signal is detected by the signal detection means and 
decoded by the decoding means. The memory means 
functions to convert the decoded identification signal 

35 Into control data for the variable sound field and tone 
circuit, the control data having a content for realizing 
an optimal sound field and tone correspondingly with 
the identification information. 

Therefore, by detecting the identification signal 

40 from the FM signal continuously or at a constant in- 
terval, reading the control data from the memory 
means by means of the control means and controlling 
the variable sound field and tone circuit accordingly, 
it is possible to maintain the reproduced sound at op- 

45 timal sound field and tone automatically and in real- 
time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 Fig. 1 is a system circuit diagram of an FM receiv- 

er (stereo car-radio receiver) responsive to an 
RDS broadcasting system; 
Fig. 2 is a flowchart showing operating proce- 
dures of RDS data display and automatic tuning 

55 functions; 

Fig. 3 is a flowchart showing operating proce- 
dures of sound field and tone control settings; 
Fig. 4 is a signal timing chart showing a modula- 
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tion scheme of the RDS data; and 

Fig. 5 is a graph showing a frequency spectrum 

of a broadcast FM signal in the RDS broadcasting 

system. 

5 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An embodiment of a sound field and tone control 
device for use In an FM radio receiver according to the io 
present Invention, will be described with reference to 
Figs. 1 to 3. 

Fig. 1 shows a system circuit diagram of an FM 
receiver (stereo car-radio receiver) responsive to an 
RDS broadcasting system. 15 

In Fig. 1, the FM receiver includes a front end 1 
composed of a radio frequency amplifier (RF AMP) 2. 
a mixer (MIX) 3 and a local oscillator (LOCAL OSC) 
4. The front end 1 tunes to an FM broadcasting signal 
received at an antenna 5, amplifies it and converts it 20 
into an intermediate frequency signal (10.7 MHz), 

The intermediate frequency signal is amplified by 
an intermediate frequency amplifier (1F AMP) 6 and 
then detected by an FM detector (FM DET) 7, result- 
ing in a low frequency signal. The low frequency sig- 25 
nai is a composite signal including a main channel sig- 
nal (L+R; up to 15 kHz or lower), a sub-channel signal 
(L-R; DSB of 23 - 38 kHz and 38 - 53 kHz) and a pilot 
signal (19 kHz). Further included Is a stereo demod- 
ulator (MPX) 8 which demodulates an L signal and an 30 
R signal by using the pilot signal since the receiver is 
an FM stereo receiver. 

The demodulated L and R signals are supplied to 
a reproduction circuit having an L channel and an R 
channel. The L channel includes a graphic equalizer 35 
circuit 9Lfor adding reverberation by causing a signal 
delay, a tone control circuit 1 0L, a power amplifier 1 1 L 
and a loud speaker 12L and the R channel Includes, 
correspondingly to the L channel, a graphic equalizer 
circuit 9R, a tone control circuit 10R, a power ampli- 40 
f ier 11R and a loud speaker 12R. The equalizer cir- 
cuits 9L and 9R and the tone control circuits 10L and 
10R are controlled by a microcomputer circuit 13. 

In order to make the FM radio receiver compatible 
with the RDS broadcasting system, it includes an 45 
RDS signal detection section 14 and an RDS decoder 
15. The RDS signal detection section 14 includes an 
RDS sub-carrier detection circuit 16, a switching sig- 
nal generator circuit 17 and a switching circuit 18. The 
sufc>-carrier detection circuit 16 detects a sut}-carrier so 
(57 kHz) upon which the switching signal generator 
circuit 17 generates a switching signal having the 
same frequency as that of the sub-carrier. The switch- 
ing circuit 18 switches the output of the FM detector 
7 with a timing of the switching signal to detect the 55 
RDS signal F [DSB modulated RDS signal] shown in 
Fig. 4(F). The RDS decoder 15 demodulates the sig- 
nal through a process in a reversed order of the mod- 



ulation scheme shown in Fig. 4 and outputs the RDS 
data. 

On the other hand, the microcomputer circuit 13 
includes an I/O port (including an A/D converter and 
a D/A converter) 19, a RAM 20. a ROM 21 and a CPU 
22. The ROM 21 stores a system control program for 
controlling the receiver as a whole and stores, in a ta- 
ble format, tuning and display data and sound field 
and tone control data prepared correspondingly to va- 
rious RDS data. This embodiment is featured by the 
fact that the ROM 21 stores the sound field and tone 
control data. 

An LCD control section 23 functions to display 
the various RDS data obtained by the microcomputer 
circuit 13 on an LCD 24 and a controller 25 functions 
to output manual control data to the microcomputer 
circuit 13 through an interface l/F 26. 

A control operation of the FM radio receiver to be 
performed by using the RDS data in this embodiment 
will be described with reference to flowcharts shown 
in Figs. 2 and 3. 

Fig. 2 is a flowchart showing operating proce- 
dures of RDS data display and automatic tuning func- 
tions. 

Although, in this receiver, station tuning and 
sound field and tone control settings can be selec- 
tively performed through the controller 25 in an auto- 
matic control mode or a manual control mode. It is as- 
sumed in this embodiment that the automatic control 
mode is selected. 

Further assuming that a broadcasting signal of 
RDS system is being received from a certain broad- 
casting station, the RDS signal detection section 14 
detects the RDS signal and the microcomputer circuit 
13 acquires the RDS data from the RDS decoder 15 
every constant time period AT (for example, every 0.5 
sec.) and stores them in the RAM 20 (steps S1, S2). 
In this case, the CPU 22 renews the RDS data previ- 
ously stored in the RAM 20 every time new RDS data 
is acquired through the I/O port 19. 

Further, the CPU 22 outputs display data to the 
LCD control section 23 through the I/O port 19 by us- 
ing the display control data corresponding to the RDS 
data to renew a display content on the LCD 24 (step 
S3). 

That Is, the network designation corresponding 
to PI of the RDS data, the name of the broadcasting 
station corresponding to PS thereof, the kind of pro- 
gram ("news", "sports", "music", etc.) identified by 
PTY thereof, the frequency of receiving station ob- 
tained by PS and AF thereof and the date and time us- 
ing CT, etc., are displayed on the LCD 24. 

On the other hand, it is possible to detect field 
strength of received signal by the FM detector 7. How- 
ever, since the radio receiver is a car radio thus mov- 
ing in this embodiment, the field strength reduces as 
a distance from the broadcasting station increases. 

The CPU 22 checks whether the field strength 
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becoming a predetermined level or lower than that 
(step S4) and retuning of the front end 1 Is needed, 
and if it is "YES" it executes retuning of the front end 
1 by using tuning control data corresponding to PI, AF 
and EON of the RDS data stored in the RAM 20 (step 
S5). 

That is, the tuning frequency of the front end is 
shifted sequentially through those of broadcasting 
stations which are in the same network as that of the 
previously tuned station and are broadcasting pro- 
grams of the same content and the tuning frequency 
of the front end Is fixed to one of them having a high- 
est field strength. 

Then, since the above mentioned procedures are 
executed every AT time period (steps S6 to S1), re- 
newed RDS data are displayed on the LCD 24 se- 
quentially and thus It is possible to listen always the 
broadcasting program under the best receiving con- 
dition. 

As described in the above, the latest RDS data is 
stored in the RAM 20 of the microcomputer circuit 13 
every AT time period according to the procedures 
shown in Fig. 2. 

Therefore, by confirming PTY and M/S of the lat- 
est RDS data, it is possible to identify the program 
content of currently receiving broadcasting and fur- 
ther possible to know whether the receiving signal at 
every moment Is a musical signal or a speech signal. 

In the FM radio receiver of this embodiment, 
sound field and tone control setting procedures 
shown in Fig. 3 are executed by the microcomputer 
circuit 13 In parallel to the above mentioned operating 
procedures. 

That Is, the RDS data in the RAM 20 is sequen- 
tially rewritten In the above mentioned procedures. 
The CPU 22 confirms PTY and M/S of the RDS data 
every time it is rewritten, and reads out the prelimin- 
ary stored sound field and tone control data corre- 
sponding to the confirmed data, and controls sound 
field and tone condition optimal to the program con- 
tent, the music or the speech by controlling the graph- 
ic equalizer circuits 9L and 9R and the tone control 
circuits 10L and 10R (steps S11. S12). 

In detail, when the program content confirmed 
from PTY is a news program, sound field is adjusted 
to a state close to a monaural output and signifi- 
cant.audio signal components of the voice of an- 
nouncer or newscaster are enhanced in frequency 
spectrum to make the voice more legible. When the 
program content is music or sport, sound field and 
tone with vivid presence are produced by setting a full 
frequency range of the reproduced signal in stereo 
and/or by performing sound field processing for add- 
ing reverberation effect. 

Further, it is frequent that music and speech are 
alternatively included in a program. In such a case, a 
switching from music to speech or vice versa can be 
confirmed from M/S of the RDS data. Therefore, by 



performing a similar sound field and tone control to 
that mentioned above correspondingly with every 
such switching, the sound field and tone settings can 
be changed accordingly to optimize the situations. 

5 As a result. It is possible to provide the listener of 

this FM radio receiver, with an automatic tuning and 
an information display functions by means of the RDS 
data as well as an optimal sound field and tone pro- 
duced from the left and right loud speakers 12L and 

10 12R, that are automatically controlled In real time 
without any manual operation of the controller 25 
which Is Indispensable In the conventional system 
where re-setting sound field and tone is often disre- 
garded but left as is. 

15 According to the sound field and tone control de- 

vice of the FM radio receiver, which is constituted as 
mentioned previously, there are provkied advantages 
over the conventional system. For example, when an 
FM signal is multiplexed with identification signals in- 

20 dicative of a broadcasting program content and/or 
kind of sound as in the RDS system broadcasting, it 
is possible to give an additional commercial value to 
the FM radio receiver that a FM broadcasting can be 
always listened comfortably by reproducing the FM 

25 signal with sound field and tone optimal to the pro- 
gram content and nature of the sound on the basis of 
data obtained from these Identification signals with- 
out necessity of cumbersome manual controlling. 

30 

Claims 

1. A sound field and tone control device for an FM 
radk) receiver comprising: 
35 signal detection means for detecting iden- 

tification signals multiplexed with an FM signal, 
said identification signals being indicative of type 
of a broadcasting program content; 

decoding means for decoding said identi- 
40 f Ication signals detected by said signal detection 

means; 

memory means for preliminary storing 
sound field and tone control data prepared corre- 
spondingly with saki Identification signals to be 

45 decoded by said decoding means; and 

control means for reading out the sound 
field and tone control data preliminary stored In 
said memory means, in response to said identl- 
ficatton signals decoded by said decoding 

50 means, and for controlling a variable sound field 

and tone means of the FM radio receiver by using 
the sound field and tone control data thus read 
out. 
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